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The protocol of measurement the probability density  P   of a rotated quadrature   
of microwave mode in an arbitrary quantum state is presented and numerically 
investigated. The protocol is adapted to the measuring procedure used in the CQED 
experiments. The method is based on measurement of integrated probability  ,P m n  
of detection of m  atoms - probes in the top working state from n  atoms flying via the 
cavity. Connection of random variables  m m   and      is found, when   
is a qudrature phase. Connection of the tomogram  ,P m n  and the tomogram  P   
is found. The protocol prescribes the rule of choice of problem parameters, such as 
interaction time, and the number of atoms in series n . The method contains a single 
fitting parameter that is selected in the process of numerical simulation of the 
quadrature distribution in a coherent state. Quality selection is determined by the 
Kolmogorov test. The result of the calculation protocol is a convolution  P   with 
the instrumental function of the method. The parameters of the instrumental function 
are shown. Numerical simulations performed for typical numerical values of parameters 
of the experimental setup, shows the effectiveness of the proposed method. 
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1. Introduction 
 
The foundation of a quantum tomography of optical range is laid in works [1 - 4]. The 
review of the first works can be found in [5]. In these works the method of a tomography is used 
for reconstruction of quasidistributions of optical mode on the basis of measurements of the 
tomogram – distribution of the rotated quadrature components     at different angles of 
rotation 
                                             †1 exp exp
2
a i a i      .                                   (1) 
Here †a , a   - creation and annihilation operators of the photon of the studied mode. Homodyne 
detection method is the basis of optical tomography protocol. This method is effectively applied 
to Gaussian states of the optical mode. Quasidistributions  ,W s  of the studied mode are 
connected with density matrix the following formulas 
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Here  ,T s - a characteristic function,  D   - the shift operator in the complex plane, s  - 
the order parameter. At 1,0,1s    quasidistribution correspond to known functions 
     , ,Q W P    on the complex plane . Connection of the tomogram   
0
P    
(distribution of the quadrature in the state 0 ) with the Wigner function  W   is determined 
by the formula 
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Here the inverse Radon transformation is executed. This transformation is singular, and the 
difficulty of its application is discussed in [2 - 4]. In [6 – 8] noted that the tomogram can be 
primary information, which can be used to calculate various physical characteristics, to verify the 
accuracy of uncertainty relations [9], to verify the degree of purity of quantum states [10].  
Microwave range represents essential interest for quantum informatics [11, 12]. Quantum 
properties of microsystems can be observed if decoherence, destroying quantum superposition of 
states is weakened [13].  Currently, experiments with microwave photons and qubits are carried 
in two directions, called circuit quantum electrodynamics (cQED) and  cavity quantum 
electrodynamics (CQED). Experimenters working in the field cEED, use special methods of 
measurement [14 - 22] and the protocols of quantum tomography [23 – 25]. CQED  studies  the 
properties of atoms coupled to discrete photon modes in high- Q cavities. Methods of preparation 
of various quantum states of photons, such as Fock, squeezed, Schrödinger's cat states [11] 
proposed and realized in CQED experiments. Quantum states of the mode described in terms of 
quasiprobabilities in phase space. In the microwave range, in CQED experiments the optical 
homodyne method is impossible due to the lack of the corresponding quantum detectors of 
microwave range. In CQED experiments, information about the state of mode is received by the 
atoms-probes, passed through the cavity. The states of probes emerging from the cavity are 
measured with help of ionization chambers. There are several methods of extracting 
quasiprobabilities, in particular of the Wigner function of mode, from the statistics of flying 
probes [26 – 29]. Of particular interest is a method of quantum tomography of the Wigner 
function, proposed in [30]. On this method experiments on reconstruction of the Wigner function 
are made [31 – 33]. In the method [30] it is shown that the Wigner function  W   is extracted 
from the experiment at the point   on the complex plane. Wigner function associated with a 
difference of probabilities to detect the emitted probe at the top eP  and bottom gP  working state 
according to the formula 
         1 † 1exp 2e gP P Sp D D i a a W    
    .  (2) 
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Here   is unknown density matrix of mode,  D   is a shift operator shifting operators †,a a  
on complex amplitude  . Such shift is provided with the additional coherent classical 
microwave field acting on the cavity with the studied mode. Atomic Ramsey interferometer is 
used to obtain the operator of parity  †exp i a a  under the sign of averaging. The 
interferometer operates at microwave range and measures the phase difference of atom-probe 
states superposition. Atom-probe has a dispersive interaction with the mode, due to the large 
detuning from resonance. The phase shift at a single photon in the interferometer must be equal 
 . As noted in [31], the phase shift dependent on operator †a a  nonlinearly, so the direct use of 
formulas (2) to measure the Wigner function is difficult. As an alternative in CQED researchers 
apply the protocol of a photon number tomography [31,   34 – 36] . 
In the proposed work the protocol of quadrature distribution measurement of microwave 
mode in CQED experiment is considered. The proposed method is based on a simpler 
experimental setup compared to [31]. It is shown that the measurement of the tomogram is 
possible on the experimental setup, does not requiring the fine tuned atomic interferometer and 
additional classical source of coherent radiation. Installation of a quadrature phase   is carried 
out by means of transformation of an atomic basis after a departure of atoms - probes from the 
cavity. The primary measured random variable is the number m  of atoms - probes detected in 
top state in a sample of n  atoms-probes passed through the cavity for a given phase difference 
 . The protocol is based on the relation of the measured random variable  m  , with the 
calculated random value  x  . This relation is found in the work. The protocol of measurement 
gives not the tomogram   
0
P   , but its convolution with the instrumental function of the 
method. This instrumental function is Gaussian with the dispersion found in the work and a zero 
average. For this reason the last action of the protocol is procedure of deconvolution. Numerical 
simulations performed for the numerical values of the parameters of the experimental setup [31], 
shows the effectiveness of the proposed method. 
 
 
2. Conditional reduced density matrix in the CQED experiment  
 
In the current work, we proposed a protocol of measuring the probability density of the 
quadrature operator (1). Quadrature distribution   
0
P    in 0  state is connected with 
Glauber's function  0P   [37, 38] according to a ratio 
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Here     - the eigenvector belonging to the continuous spectrum of the operator    , 
  is a coherent state of mode 
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  P    - quadrature distribution in coherent state, quadrature dispersion is 
 
1
2
  . 
Our purpose consists in search of the protocol of measurements of probability density 
  
0
P    in any mixed state 0  of microwave cavity mode. We will focus on the parameters 
of the experimental setup used in [11, 27, 31, 32] . Due to the high quality factor ( 1010Q  ) of 
the cavity at times of several hundred milliseconds is possible to neglect relaxation processes 
inside the cavity. We believe that the atom-probe, flying through the cavity, interacts only with 
the studied microwave mode. The scheme of experiment in which the proposed protocol is 
realized, is shown in Fig. 1. The experiment consists of sending through the cavity with 
microwave studied mode a sequence of n  the probe atoms (b) in a lower working state. The 
atoms fly into the cavity (c) alone. The pulse of classical microwave field (e) acts on the atoms - 
probes who flying from the cavity. As a result of this action the atomic basis will be transformed 
and the phase  , necessary for measurement of a quadrature, is entered. Quantum measurement 
of the energy state (f) is performed on each atom at the exit of the cavity. Fig. 2 is the timing 
diagram of the protocol events. We define the interaction Hamiltonian of the microwave mode 
with the atom-probe in a resonant representation 
  †0 1 1 0afV a a  . 
Here 0  is a vector of the lower working level of the atom-probe, 1 is the vector of the upper 
working level. The cavity mode is tuned in exact resonance with the working atomic transition. 
The interaction Hamiltonian of the atom-probe with a classical field pulse converts the atomic 
basis before measurement and is given in the resonant representation 
     exp 0 1 exp 1 0aV f i i    . 
The evolution operator on an interval 1 1k kt t t t t         in the resonance 
representation has the form 
 expaf afU iV   . 
The evolution operator on an interval 1 1k kt t t t      has the form 
  expa aU iV t   . 
Here parameters t  and f  are connected by the condition 
 
4
f t

   . 
Density matrix of the field mode and the atom-probe at the time of measurement 1kt   has the 
form 
     † †1af k a af af k af at U U t U U   . 
Here atom – field density matrix after a measurement at time kt  has the form 
    0 0af k f kt t  . 
Here 0 0  is the atomic density matrix of the atom entering the cavity in the lower state, 
 f kt  is the reduced field density matrix after the measurement at the time kt . The recurrence 
relation between the reduced density matrix  f kt  of the mode at the time kt  and the density 
matrix at the time 1, 0,1,.....kt k n   has the form in a resonant representation 
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Here  0 0f t   is the initial density matrix. The a priori probability of finding an atom probe 
in the upper  1,0 1kP t   and lower  0,0 1kP t   energy state at the time of measurement 1kt   is 
defined by the formula 
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Here, it is assumed that the probe atom fly into the cavity in the lower working state. Kraus’s 
operators for the circuit shown in Fig. 1, can be written as 
 
     
       
†
†
00 †
†
† † †
00 †
sin1
cos exp ,
2
sin1
cos exp ,
2
a a
K a a i a
a a
a a
K a a i a
a a

 

 
 
    
 
 
 
   
 
 
 
 
     
       
†
†
10 †
†
† † †
01 †
sin1
cos exp ,
2
sin1
cos exp .
2
a a
K a a i a
a a
a a
K a a i a
a a

 

 
 
    
 
 
 
   
 
 
 
Kraus's operators reduce density matrix at the time of quantum measurement [39 – 41]. 
 
3. Integrated probability of detection 
 
Directly measured random variable for each series from n  atoms is the number m  - 
amount of the atoms - probes found in the top working state. Experiment is repeated N  time for 
receiving integrated distribution  
0
;P n m  of the random variable m  changing in an interval 
0 m n  . Our goal is to find the relationship between the measured random variable m  and 
the required random variable    , and as a result, to find the relation between the measured 
distribution  
0
;P n m  and the required distribution   0P   . We will receive a theoretical 
formula for integrated probability  
0
;P n m  
   
0 0
1
; ;j
j
P n m P n m 

 , 
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Here the expression  10 00... ... ... jK K  means the j -th  
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 arrangement of 
n  Kraus operators, among which there are m  operators 10K . It is easy to show that  0 ;
jP n m  
is calculated as the product of conditional a priori probabilities of detection of the next atom in 
the upper state at the time 1, 0,1,.....kt k n  . Conditionality means that for the previous 
measurement at time kt  the normalized atomic - field density matrix was reduced and becomes 
equal to  f kt  
                                                    
0 1,0 1 0,0 1
; ... ... ...j k pP n m P t P t      .                             (9)  
The probabilities    1,0 1 0,0 1,k kP t P t   are calculated by the formulas (6), (7). Generally 
probabilities  
0
;jP n m  differ from each other due to the effect of a reduction, and depend on a 
way of arrangement j . Let us rewrite formula (8), through Glauber's function  0P   (4) for 
the studied matrix 0  of a microwave mode 
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The probability  ;jP n m , according to (9), can be written as the product of 
      1,0 1 0,0 1; ... ... ...j k pP n m P t P t         . 
Here the index    indicates that the initial condition for the calculation  ;jP n m  was the 
coherent state   (5). We obtain a formula for the a priori probability  1,0 1P t  on the first 
measurement. In this case the mode density matrix at the time 0t  is equal to an initial matrix 
 0   . 
The required formula has the form 
                         †1,0 1 1,0 0,1 1 1 2 cos .2fP t Sp K K
                      (10)  
Here the parameter   is 
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Given that 
                                                               1   ,                                                               (11)  
  has the form 
   22 2 11
3 6
      
 
. 
In these formulas, the parameter 2    is the interaction constant, where   is the Rabi 
frequency for a single photon. The graphs of dependence the probability  1,0 1P t  (10) on   for 
different values of the phase    and   are presented in Fig. 3. As can be seen from Fig.3, under 
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the condition (11) plots close to linear on the variable  . The presence of the linear part of 
graphs on the variable   is essential for the implementation of the proposed protocol. We will 
study dependence of conditional a priori probability of detecting the atom in the upper state on 
the number 1 k n   of atom, passing through the cavity. Consider the sequence of n  passing 
through the cavity the atoms-probes. Quantum measurement of an energy state is carried out 
over each atom emitted. We assume an ideal detection process. After each measurement density 
matrix is reduced according to random results of a measurement. Graphs of dependence of a 
priori probability  1,0 kP t  on number k  of atom - probe are shown in Fig. 4. Graphs of Fig. 4 
are simulated by means of a stochastic recurrence relation (7). The stochastic Monte-Carlo 
method is used in calculation, the density matrix reduction on each measurement is considered. 
Condition (11) holds for all graphs of Fig. 4. As follows from the formula (10),  1,0 1P t  is 
different from 
1
2
 to    value. Under the condition (11) graphs in Fig. 4 can be 
approximated by straight lines. These straight lines are parallel to axis k , and are defined by 
average value of probability 10P  
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This approximation is essentially used in further calculations. Here    is the fitting parameter, 
with which the average probability 10P  varies in the interval  
  10 1,0 1
1
2
P P t  . 
The graph 2, Fig.4, shows an example of such a line for 0.76  . The approximation (12) 
greatly simplifies the analysis, as it allows applying the Bernoulli formula to calculation of 
integrated probability. We write this probability 
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Using local Moivre-Laplace theorem, we obtain the relation 
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.                             (13)  
In this formula, the random variable m  is changed in the interval 0 m n  . We define the 
distribution function  ;F n m  of a random variable m  
                                                            
0
; ;
x
m
F n x P n m 

 .                                              (14)  
Sample distribution function of a random value m  for the coherent state   is denoted 
 F ;n x . To determine  F ;n x , let us introduce the interval function with conditional 
operations 
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where 1...km k N  is the sample value of a random variable m , N  is the sample size. 
Denote by 
max
  - the maximum value of the amplitude of the coherent state, which defines the 
area of integration in equation (4). We choose the fitting parameter   (12), graphically 
comparing the theoretical formula for  ;F n m  (14) with sample formula  F ;n x  (15). We 
will estimate quality of coincidence of functions of distribution by Kolmogorov's criterion [42] 
for confidence level 0.95  . According to this criterion, the confidence interval is given by 
    
1 2
ln
2 1 0.95
F ; ;max
x
n x F n x
N
 
 
 
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The simulation results of the random quantity m  for the sample size 1000N   shown in Fig. 
5. Choose from the following calculation parameters: 0.04  , 300n  , 0.76  , 
0.95  , 
max
3  , 
3
4

   , 
4

  . Graph 1 shows a sample function  F ;n x , Graph 
2 is Kolmogorov level, Graph 3 is norm of the difference of two functions. As can be seen from 
Fig. 5, Kolmogorov's criterion is reliably performed when selecting the fitting parameter 
0.76  . The simulation results show that the criterion is performed for all smaller values 
max
  . 
 
4. Distribution function of the quadratures in the coherent state 
 
The quadrature     (1) is a random variable in a mode coherent state. We associate the 
random variable   with a random value m  according to the formula 
                                                               
2m n
n



 .                                                            (16)  
This is the main formula of our work. Let us rewrite formula (13) for the new random variable 
(16) and obtain 
                 
  22 cos1 1
; exp
22
P n m P 
  
 

        
 
.          (17)  
Here we have used the approximation (11). Compare formulas (3) and (17). Equation (17) gives 
the normal distribution with the correct mean  2 cos    and variance 
                                                                             
2
1
n


 ,                                                       (18)  
where the parameter   defined by the formula (12). Fig. 5 is performed for the parameter values 
0.04  , 300n  , 0.76  , 
max
3  , to which the variance (18) is equal to 
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2
1
1.345
n


  . 
The variance of the quadrature normal distribution in the formula (3) are equal 
1
2
. The reason 
for this discrepancy is that the formula (17) describe the convolution of the true quadrature 
distribution (3) with the instrumental function  Spr   of our method 
                                              
21 1
exp
22 SS
Spr



 
  
 
,                                            (19)  
which should be chosen in the form of normal distribution with a zero average and variance 
                                                                  
1
2S
   .                                                            (20)  
We define the convolution of the theoretical quadrature distribution in the coherent state 
  P    (3) and instrumental function (19) 
                                                Cnv Spr x P x dx  


  .                                        (21)  
We define a theoretical distribution function of coherent state quadrature 
    F P d

   

  . 
We define a theoretical distribution function of the convolution (21) 
                                                        FC Cnv d

   

  .                                             (22)  
Results of numerical simulation of a sample distribution function  FC   are presented in 
Fig.6. The variable   associated with m  by the equation (16). The function  FC   is 
calculated by the formula 
 
   
1
1
FC , ,
2
, 1... .
N
k
k
k
k
x I x
N
m n
k N
n
 





 

 
Fig. 6 is calculated for fitting parameter 0.76  , obtained for Fig. 5. As follows from Fig. 6, 
sample distribution function  FC x  within the Kolmogorov confidence interval coincides 
with the theoretical distribution function  FC  . Theoretical function  FC   obtained by 
convolution with the instrumental function (22). 
 
5. The protocol detection of the quadrature distribution 
 
The protocol to measure the quadrature distribution (1) in an arbitrary state 0  of the 
microwave mode in the cavity consists of the following: 
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1. We estimate the range of variation 
max
   for Glauber's distribution  0P   in the     
studied state 0 ; 
2. We choose interaction time from a condition (11) 
                                              max 1   ;                                                                            (23)  
3. We select the number n  of atoms - probes in one experiment; 
4. We simulate sample distribution function for the chosen parameters 
max
  , n ,   and 
select the fitting parameter   for coincidence of sample  F ;n x  and theoretical  F   
functions for Kolmogorov's criterion (Fig. 5); 
5. We find the variance of the instrumental function s  with formulas (20), (18), (12); 
6. We carry out physical experiment of N  times on a setup of Fig. 1 with the found parameters 
, ,n   for the studied state 0 . We define the sequence of sample values , 1....km k N  of a 
random variable m . We calculate values of a random variable , 1....k k N   on formulas (16), 
(12). We define sample distribution function of convolution of required quadrature distribution 
  
0
P    and the instrumental function  Spr  ; 
7. We apply standard methods of deconvolution; 
 
Let us verify the protocol on the example of the single-photon Fock state 1 . Probability density 
of a quadrature for 1  is defined by a formula 
      22 11 exp
2
FockP H  
  ,              
and doesn't depend on a phase  . Here  nH   is the Hermitic polynomial. Convolution of the 
density  FockP   and the instrumental function  Spr   (19) we define by the formula 
      Fock FockCnv Spr x P x dx 


  . 
We introduce the notation of quadrature distribution function  FockF   in Fock state 1 , the 
notation of distribution function  FockFC   of a convolution, the notation of sample 
distribution function  FCFock   of a convolution. As calculations show, two peaks on a 
function graph  FockP   don't differ at 0.8S  . Rather narrow the instrumental function 
 Spr x  is necessary for monitoring sharp dip between the peaks. Variance 0.845S   (20) 
was chosen at creation of Fig. 5 and Fig. 6. For receiving narrower instrumental function it is 
necessary to choose other set of parameters of experiment. Dependence of variance S  of 
instrumental function on number n  at value 0.04   is shown in Fig. 7. Fig. 7 is constructed 
by analogy with Fig. 5 by selection of fitting parameter   so that 
   F ; ;max
x
n x F n x 
 
  got to the confidential interval determined by Kolmogorov's 
border. As appears from Fig. 7, at value of parameters 0.04  , 
max
3  , 
3
4

   , 
4

  , 1000n  , 0.36   variance is equal 
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 0.176s  . 
We perform numerical simulations  FCFock   and present the results in Fig. 8. Parameters of 
simulation are: 0.04  , 
max
3  , 
3
4

   , 
4

  , 1000n  , 0.36  . As follows 
from Fig. 8, the above protocol reliably detects the convolution of the desired distribution 
function. 
 
6. Discussion of results and conclusion 
 
The protocol of measurement of quadrature distribution of microwave mode in CQED 
experiments was formulated in this work. According to idea of the protocol, the quantum 
tomogram of distribution     for different values of a phase   can be received, measuring 
integrated probability  
0
;P n m  (8) of selective detectors counting on experimental setup Fig. 
1. The integrated probability has to be measured at a right choice of parameters of experiment. 
The main parameter of the experiment is the interaction time   of the atom - probe with a 
microwave mode. The range of variation of the argument   of Glauber function  0P   (4) is 
necessary to evaluate for a right choice of  . The parameter   is calculated according to the 
relation (23), after evaluating 
max
 . Number n  of the atoms - probes passed via the cavity in 
one experiment is the next chosen parameter. The fitting parameter   must be choosing after 
selecting the above parameters. The choice of the parameter   is carried out in the numerical 
experiment, by analogy with the simulation of Fig. 5. We must calculate the variance S  of the 
instrumental function of the method by the formulas (20), (18), (12) after a choice of parameters 
, ,n  . If instrumental function does not “obscure" the studied effect, then, according to the 
protocol, it is necessary to receive the sample distribution function of a quadrature. The above 
mentioned paragraphs of the Protocol are preliminary, needed for correct selection of setup 
parameters Fig.1. After the preparatory stage, we must carry out the physical experiments on the 
setup of Fig.1. Physical experiment is carried out N  times, as a result we receive sequence of a 
random variable of , 1....km k N . Then it is necessary to calculate sample values of a 
quadrature on a formula (16) and to construct sample distribution function of convolution of the 
studied distribution and instrumental function  Spr   (19). For receiving required distribution 
it is necessary to perform a procedure of the deconvolution. A deconvolution operation is well-
studied in the theory of digital signal processing. Features of a deconvolution protocol described 
for example in [43]. 
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Abstract 
 
The protocol of measurement the probability density  P   of a rotated quadrature   
of microwave mode in an arbitrary quantum state is presented and numerically 
investigated. The protocol is adapted to the measuring procedure used in the CQED 
experiments. The method is based on measurement of integrated probability  ,P m n  
of detection of m  atoms - probes in the top working state from n  atoms flying via the 
cavity. Connection of random variables  m m   and      is found, when   
is a qudrature phase. Connection of the tomogram  ,P m n  and the tomogram  P   
is found. The protocol prescribes the rule of choice of problem parameters, such as 
interaction time, and the number of atoms in series n . The method contains a single 
fitting parameter that is selected in the process of numerical simulation of the 
quadrature distribution in a coherent state. Quality selection is determined by the 
Kolmogorov test. The result of the calculation protocol is a convolution  P   with 
the instrumental function of the method. The parameters of the instrumental function 
are shown. Numerical simulations performed for typical numerical values of parameters 
of the experimental setup, shows the effectiveness of the proposed method. 
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Fig.1. Diagram of the CQED setup for a tomography of quadratures distribution 
of microwave mode. a) The source of velocity selected rubidium 85Rb  Rydberg 
atoms in the main working state. b) The sequence of atoms-probes entering the 
cavity. c) High-Q microwave cavity containing photons of mode in studied state 
0 . d) Microwave pulse, turning atomic basis and defining the phase   of the 
studying quadrature. e) The sequence of atoms-probes leaving the cavity. f) 
Selective detector of energy states of the atom-probe. 
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Fig. 2. The timing diagram of the protocol events. The time interval between the points kt  and 
1kt   of measurements of the atom-probe states. t  is the pulse duration of the microwave field, 
turning an atomic basis at an angle 
4

.   is the duration of the interaction interval of the atom - 
probe with a microwave field. 
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Fig.3. The a priori probability  1,0 1P t  of finding the atom - probe in the top state 
on the first measurement. The initial state of the atom is lower. Mode in the 
coherent state   . Amplitude  exp i   . Quadrature phase  . 
Interaction parameter 0.04  . Parameters of calculation: Graph 1 - 
0  , Graph 2 -
4

  , Graph 3 - 
2

  , Graph 4 - 
17
32
    , Graph 5 -    . 
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Fig. 4. The a priori probability of detecting k - th atom-probe in an top state. 
Initial mode state -   . Graphs 1, 3-6 – probability calculation is made using 
the reduced density matrix obtained in each step in the sequence of = 300 flown 
atoms. Graph 2 – the average value 10P , для 0.76   (12) . Parameters of 
calculation: 3  , 0.04  , Graph 1,2 - 0   , Graph 3 - 
4

  , Graph 4 - 
2

  , Graph 5 - 
17
32
    , Graph 6 - 
    
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Fig. 5. Sample distribution function of a random variable m . Graph 1 – Sample 
distribution function  F ;n x , Graph 2 – Kolmogorov's level, Graph 3 – norm of a 
difference    F ; ;max
x
n x F n x 
 
 . Parameters of calculation: 0.04  , 
300n  , 0.76  , 0.95  , 
max
3  , 
3
4

   , 
4

  , 1000N  . 
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Fig. 6. Quadrature distribution function     in a coherent state  .  Graph 1 – 
theoretical quadrature distribution function in a coherent state  F  . Graph 2 – 
sample quadrature distribution function  FC x , Graph 3 – Kolmogorov's level of 
confidence. Graph 4 - norm of a difference    FCmax
x
x FC x 
 
 . 
Parameters of calculation the same as for Fig.5.  
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Fig. 7. The dependence of the variance of the instrumental function on the parameter n  at the 
parameters: 0.04  , 0.95  , 
max
3  , 
3
4

   , 
4

  , 1000N   
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Fig. 8. Quadrature distribution function     in one-photon state 1 . Graph 1 – 
theoretical quadrature distribution function  FockF  . Graph 2 – sample quadrature 
distribution function of convolution  FCFock  , Graph 3 – Kolmogorov's level of 
confidence. Graph 4 - norm of a difference    FCmax Fock Fock
x
FC 
 
 . 
Parameters of calculation: 0.95  , 0.36  , 0.04  , 1000n  , 
1000N  . 
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